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(54) Apparatus and method for synchronizing clock signals for digital links In a packet switching 
mode 



(57) The present invention is an apparatus and a 
method which enable to synchronize the clock signal of 
a first (or slave) data terminal equipment A (240-1) to a 
second (or master) data terminal equipment B (240-2) 
connected to a communication network (10) through 
respectively a first network node (51) and a second net- 
work node (52). The communication network has a ref- 
erence clock that it transmits to the second network node 
which compares it with the clock signal that it receives 
from the second data terminal equipment. The phase dif- 
ference is then detected and converted into a frame 
which may be an ATM cell or any other frames so that it 
can be switched with the data frames sent by the second 



DTE and transmitted to the first DTE through the com- 
munication network. The frame containing the phase dif- 
ference has a specific header so that it can be 
distinguished from the other transmitted data frames. 
The first network node receives the frames, detects the 
phase difference frame and decodes it before it is sent 
to a digital to analog converter. This later generates then 
an analog signal which adjusts the phase of the refer- 
ence clock that the first network node has extracted from 
the communication network. The adjusted clock signal 
is transmitted to the first DTE which is therefore synchro- 
nized with the second (or master) DTE. 
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Description 

Technical field of the invention 

The present invention relates to a data communica- 
tion system and more particularly to an apparatus and a 
method for synchronizing clock signal of a first data ter- 
minal equipment to another clock signal of a second data 
terminal equipment connected in the communication 
network. 

Background Art 

In the world of telecommunication in which a wide 
variety of systems are connected in a network and oper- 
ate according to their own internal clock signals, it is 
required to devise adapters which enable to synchronize 
the network and more particularly to adapt the phase of 
the clock signal of a system to another system in order 
to settle a good communication between both systems. 

Network synchronization is an essential aspect of 
digital network design because clocking inconsistencies 
can result in data errors, subsequent loss, or in the 
extreme case total outages. In voice transmission, the 
loss or gain of bits (usually called slips) can occur without 
any noticeable effect on the quality of transmission. 
These slips occurs whenever the timing between the 
transmitter and receiver is not synchronized. They cause 
delays and errors and they force the users to continually 
resend data traffic until a synchronized reception is 
acknowledged by the receiver. 

Today's network planner faces to an array of syn- 
chronization considerations which should be carefully 
examined to determine which approach is best for 
present and future network requirements. A well planned 
network should have minimal slips and provide for quick 
recovery of synchronized timing when slips occur. 

In an environment as represented on figure 1, two 
data terminal equipments DTE A and DTE B are con- 
nected through a digital network which behaves like a 
master: the network clock stands as a reference clock. 
The phase differences between the network clock and 
each of DTE's clocks are absorbed into elastic buffers of 
the adapters of the network nodes A and B. In case the 
buffer is full, a general reset of the adapter is done and 
the communication is interrupted to reset this buffer. But 
during the reset, all the data are lost 

To avoid this unacceptable break, refer to figure 1 , a 
circuit is implemented in the prior art in order to generate 
the phase difference and to detect the phase difference. 
It has to detect the phase differences between the refer- 
ence clock and each DTEs clocks (CLKA, CLKB), and 
to transmit these phase differences digitally to a Public 
Switched Telephone Network (PSTN) (30) through a 
modem which is commonly used in such a case. A first 
modem B (32) transports the phase difference between 
the clock (CLKB) of the first DTE B (12) and the reference 
clock (CLK) measured digitally by a first circuit B (34) to 
the second DTE A (11) also connected to a second 



modem A (31). Both modems A and B are connected by 
the PSTN (30) or a leased line. This phase difference is 
received by a second circuit A (33) through the second 
modem A (31) and is converted into an analog signal 

5 which is used to correct the phase of the network clock 
(CLK) in order to transmit a corrected clock CLKO to the 
second DTE A. This system requires a huge and expen- 
sive hardware (modems and circuits) and monopolizes 
a PSTN circuit and a leased line. 

10 Another way of transmitting the phase difference 
from a DTE to another is to use a fixed slot of a TDM 
(time division multiplex) channel such as a fractional E1 
or T1 . This running mode requires a link with a higher 
capacity compared to the one needed by the data. But 

75 the implementation has the disadvantage of monopoliz- 
ing a TDM slot to convey the phase difference. This slot 
is always dedicated to the phase difference and it cannot 
be used for transmitting other data. The bandwidth is 
therefore altered. Moreover, this solution is not adapted 

20 to a network which uses a clear channel. 

Both solutions are not applicable to packet switching 
such as Frame Relay, X25 or ATM. 

Summary of the invention 

25 

The present invention has therefore the object to 
bring a pass-through timing solution in packet switching 
oriented communications by using a SDLC frame for 
LAPE (Link Access Protocol Extended) applications or 
30 an ATM cell for ATM applications using the whole band- 
width of the entire channel during a short period and in 
a lapse of time during which the channel does not carry 
data. 

Another object of the invention is to use the remain- 
35 ing bandwidth of the network in a communication session 
to transmit a correction information. 

A further object of the invention is to use the correc- 
tion information from time to time when necessary. 
The present invention relates to an apparatus to be 
40 used in a communication network including a plurality of 
networks nodes for synchronizing a first clock signal of 
a first data terminal equipment DTE connected to said 
communication network through a first network node to 
second clock signal of a second data terminal equipment 
45 DTE also connected to said communication network 
through a second network node, said communication 
network having a reference clock and carrying analog 
signals of data frames; 
said apparatus comprising: 

50 

means for extracting the reference clock from the 
analog signals carried by the communication net- 
work in said second network node; 

55 - means for comparing the phase between said refer- 
ence clock and said second clock transmitted from 
said second data terminal equipment in order to 
detect a phase difference and to transmit said phase 
difference digitally on a parallel data bus; 
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switching means for switching said phase difference 
received on said parallel data bus with data frames 
received from said second data terminal equipment 
before they are transmitted to the communication 
network; 

means for receiving in said first network node the 
frames carried by the communication network and 
extracting the reference clock in said first network 
node; 

• means for decoding said phase difference from the 
transmitted frames; and 

• means for adjusting the reference clock phase 
according to the phase difference in order to transmit 
the corrected clock signal to the first data terminal 
equipment 

The present apparatus is to be used in connection 
with a method which comprises the steps of: 

extracting the reference clock from the analog sig- 
nals carried by the communication network in said 
second network node; 



Figure 2 represents the environment in which the 
preferred embodiment of the present invention is imple- 
mented. 

Figure 3-A represents an overview of the transmit 
5 part of the present invention in a schematic block dia- 
gram. 

Figure 3-B represents an overview of the receive 
part of the present invention in a schematic block dia- 
gram. 

10 Figure 4 is the association of figures 4-A and 4-B 
which represent the detailed implementation of the trans- 
mit part of the present invention. 

Figure 5 is the association of figures 5-A and 5-B 
which represent the detailed implementation of the 
75 receive part of the present invention. 

Figure 6 shows in detail the implementation of the 
phase comparator used in the transmit part of the 
present invention. 

Figure 7 represents the functional diagram of the 
20 state machine used in the phase comparator. 

Figure 8 shows the timing diagrams of the different 
clocks representing the corresponding states that occur 
in the state machine. 

25 Detailed description of the present invention 



- comparing and detecting a phase difference 
between said reference clock and said second clock 
transmitted from said second data terminal equip- 
ment; 30 

- transmitting said phase difference digitally to a 
packet switching means on a parallel data bus; 

• switching said phase difference with data received 35 
from said second data terminal equipment to trans- 
mit the analog data frames to the network commu- 
nication; 

receiving the data frames carried by the communi- 40 
cation network and extracting the reference clock in 
said first network node; 

detecting and decoding in a frame decoder said 
phase difference among the transmitted data 45 
frames; 

- transmitting said phase difference to an adjusting 
means which also receives said reference clock; and 

50 

- adjusting the reference clock phase according to the 
phase difference in order to transmit the corrected 
clock signal which stands for said first clock signal 
to the first data terminal equipment. 

55 

Brief description of the drawings 

Figure 1 represents an example of an implementa- 
tion in the prior art. 



Figure 2 represents the multimedia environment in 
which two video codec's (coder/decoder such as a video 
camera), a first video codec A (240-1) and a second 
video codec B (240-2) are connected by a network (10) 
which may be a private or a public network using a CCITT 
T1, E1, T3 or E3 etc... . The video codec's are respec- 
tively connected to network nodes A (51) and B (52) 
which may be an INDX network node (Integrated Net- 
work Digital Exchange), a TNN (Transport Network 
Node) or any other network nodes, it should be noticed 
that in the preferred embodiment of the present inven- 
tion, the network will be a CCITT E1 conveying an HDB3 
coding signals in balanced mode. 

Each network node A or B comprises circuits which 
are connected to the network (10) and receive the data 
transmitted from the opposite network node B or A. 
These circuits extract the reference clock and its phase 
from the HDB3 signals. 

For instance, the network node B (52) extracts from 
the HDB3 signals the network clock and more particu- 
larly its phase in order to determine the phase difference 
between the clocks of the network and the video codec 
B (240-2). In the present invention, the phase difference 
is not transmitted through the network on a dedicated 
slot as it used to be in the prior art, but into a SDLC frame 
or ATM cell for applications using the Asynchronous 
Transfer Mode so that the phase correction takes less 
bandwidth and occurs only when necessary, (ft should 
be kept in mind the ATM protocol relates to the cells 
transfer, each cell of 53 bytes is composed of a header 
and a fixed length of payload which contains the data). 
The network node B (52) transmits the phase difference 
in an HDB3 coding signals in balanced mode through the 
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network (10) to the network node A (51). This latter 
extracts from those signals the phase difference, proc- 
esses and converts it into analog signals before trans- 
mitting to the video codec A (240-1). 

In the same way, the network node A will make the 
comparison between the clocks of the video codec A and 
the network in order to transmit the phase difference to 
the video codec B. 

It is to be noticed that this kind of implementation 
can be used in packet switching networks like Frame 
Relay or X25. 

In order to have a better comprehension of the 
present invention, the TRANSMIT part (figure 3-A) is 
described separately from the RECEIVE part (figure 3- 
B) although they are on the same card chip. The common 
components of the Transmit and the Receive parts have 
the reference in parentheses throughout the description. 

Figure 3-A represents an overview of the transmit 
part of the present invention in a schematic block dia- 
gram. This block diagram enables to understand the 
functions that are performed by the different components 
used in the preferred embodiment of the present inven- 
tion. In this case, the network node B (52) receives from 
the network the clock reference that it compares to the 
clock of the video codec B in order to TRANSMIT to the 
network the phase difference which will be forwarded to 
the video codec A. 

The network node B (52) comprises a network or 
line adapter (190,180,170) which receives HDB3 coding 
signals (271,272) in balanced mode from the network 
(1 0) through a transmit transformer (270). It extracts from 
the coding signals the network clock whose frequency is 
2048 Kbps in this example, and transmits it on lead (1 95) 
to a divider (280) in order to get the same frequency, the 
video codec clock being at the frequency of 256 Kbps. 
This divider also behaves like a phase comparator (280) 
by comparing the phase between the clock reference 
and the clock of the video codec B (240) transmitted on 
lead (241). Afterwards, the phase comparator digitalizes 
the phase difference and transmits it on a parallel bus 
D0-D7 to a first Packet Switching Frame Adapter 
(260,290) which sends it inside a SDLC frame for a 
Frame Relay application or into an ATM cell for an ATM 
application. This latter also receives the data from the 
video codec B on a data bus (101) and it transmits the 
data which contains the phase difference among other 
data on the data bus (101) to the network adapter 
according to the network clock signals that it receives on 
lead (1 95). The addresses are transmitted on an address 
bus (102) from the video codec B to the network or line 
adapter which in turn transforms the digital data into an 
analog data and sends them in HDB3 coding signals 
(271,272) in balanced mode to the network (10). 

Figure 3-B represents an overview of the receive 
part of the present invention in a schematic block dia- 
gram. In this part of the embodiment, the network node 
A (51) RECEIVES from the network (10) the clock refer- 
ence and the phase difference sent from the network 
node B (52). 




The network node A (51) also comprises a network 
or line adapter (190,180,170) which receives HDB3 cod- 
ing signals (201 ,202) in balanced mode from the network 
(1 0) through a transmit transformer (200). It extracts from 

5 the coding signals the network clock and transmits it on 
lead (1 95) to a divider (230) which is also a Voltage Con- 
trol Oscillator (VCO), this divider enables to divide the 
network clock by 8 or any other number in order to obtain 
a frequency equal to the frequency if the video codec B. 

w The phase difference between the clocks of the network 
and the video codec B is also received by the network 
adapter through the transformer. The digital data corre- 
sponding to the phase difference are decoded in a sec- 
ond Packet Switching Frame Deooder (140,150) and 

15 then sent digitally in parallel to a Digital to Analog Con- 
verter (220) on a parallel data bus D0-D15, whereas the 
other data are transmitted on the data bus (101) to the 
video codec A. The analog signals of the phase differ- 
ence is transmitted to the VCO (230) which in turn 

20 adjusts the phase of the reference clock received from 
the divider to the phase clock of video codec B in order 
to transmit adjusted clock signals to the video codec A. 

The second Packet Switching Frame Adapter 
(140,150) also receives data which do not contain the 

25 phase difference on the data bus (1 01 ) from the network 
adapter and it transmits those data on the serial data bus 
(101) to the video codec A according to said adjusted 
clock signals transmitted one lead (242) from the VCO 
(230). The addresses are transmitted on an address bus 

30 (102) from the network adapter to the video codec A 
(240). 

The components that compose the Transmit and the 
Receive parts of the present invention are described 
more in detail in figures 4-A, 4-B, 5- A and 5-B. Before we 
35 start the functional description of the invention, we will 
begin with the hardware description. 

Hardware description of The Transmit Part 

40 The Transmit network transformer (270) is con- 
nected to the network (10) of the type referenced by 
CCITT E1 G703 for example, by two differential wires 
(271,272). On the other side, the transformer is con- 
nected to the network or line adapter by two leads 

45 (1 83,1 84). This latter comprises a Siemens chipset (1 90) 
called PRACT (Primary Rate Adapter Clock Generator 
and Transceiver), another Siemens chipset (180) called 
ACFA (Advanced Controller and Frame Aligner) and fur- 
ther more Siemens chipset (170) called HSCX (High 

so Level Serial Communications Controller Extended). The 
P RACT chip is fed by an oscillator (21 0) at the frequency 
of 1 6.384 MHz on its input CLKIN and it transmit a clock 
signal CLKOUT on lead (195) to the phase comparator 
(280) which also receives on its input CLK2 a clock signal 

55 CLK from the video codec through lead (241). The 
PRACT chip receives respectively on its input IN3 and 
IN4 signals generated by the ACFA chip (180) on its out- 
put OUT3 and OUT4 through leads (183, 184) and trans- 
mits signals said leads (1 83, 1 84) to the transformer. The 
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ACFA chip (180) receives on its input IN2 a signal from 
an output TX1 of the HSCX chip (170) through lead 
(174). It also receives respectively read (RD) and write 
(WR) signals on leads (185,186) from a microcontroller 
(100). It has a chip select input CS which is connected 5 
to an output CS2 of an address decoder (120) through 
lead (1 22). This address decoder has 9 chip select pins 
referred as CS0-CS8 and communicates with the ACFA 
chip (1 80) by means of a 4-bit address bus A0-A3 (102) 
and a 8-bit data bus D0-D7 (101). 10 

The HSCX chip (1 70) is also connected to the micro- 
controller (100) by means of the 4-bit address bus A0- 
A3 (102) and a 8-bit data bus D0-D7 (101). The read and 
write operations of its internal registers is performed 
owing to the read and write signals that it receives on its is 
inputs RD and WR through leads (185. 186) which are 
also connected to the two I/O pins RD1 and WR1 of a 
DMA Controller (160). Its chip select pin CS is connected 
to a pin CS8 of the address decoder (120) through lead 
(128) and to a chip select pin (CS1) of said DMA Con- 20 
trailer. 

The data movement of the HSCX chip (1 70) is made 
by a DMA link via the DMA Controller (160). A DMA 
Transmit request signal and a DMA Transmit request sig- 
nal are respectively sent from DMA_REQ_XMIT and 25 
DM A_ACK_XM IT pins of the HSCX chip to REQ4 and 
ACK4 pins of the DMA Controller through leads 
(171,172). 

A FIFO buffer (260) is connected to the microcon- 
troller (100) by means of the data bus PD0-PD7 (101) so 
and by means of the address bus A0-A3 (102). Its chip 
select input CS is connected to a pin CS5 of the address 
decoder through lead (125). It Read pin RD is connected 
to a pin RDF of the DMA Controller through lead (164) 
whereas its Write pin WR is connected to a FIFO_WR 35 
pin of a ATM_XMIT chip (290) through lead (262), which 
enables to load the data in the internal registers on a data 
bus DO - D 1 5 (263) from said chip. A control signal is then 
transmitted from a CNTL pin of the FIFO buffer (260) to 
a pin CNTL of said chip through lead (261). 40 

The ATM_XMIT chip (290) is connected to the data 
and address busses (101, 102) by its pins D0-D15 and 
A0-A10. A RD_PERIPH signal generated fromapin RD1 
of said ATM_XMIT chip is connected to a video periph- 
eral pin RD of the Video Codec B (240) through lead 45 
(291). The ATMJCMIT chip also has a Read RD and 
Write WR pins connected to the RD and WR pins of the 
microcontroller through leads (185,186). Its chip select 
pin CS is connected to a pin CS0 of the address decoder 
through lead (129). so 

An arbiter is also provided on the card, ft has three 
couples of HOLD and HLDA pins referred as 
(HOLD/HLDA, HOLD1/HLDA1, HOLD2/HLDA2) which 
are respectively connected to HOLD and HLDA pins of 
the ATMJCMIT chip through leads (132,131), to HOLD 55 
and HLDA pins of the microcontroller through leads 
(133,134) and pins HOLD and HLDA of the DMA Con- 
troller through leads (161,162). 
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The address bus AO- A20 (1 02) of the microcontroller 

(100) is connected to the input leads A0-A20 of a Static 
RAM (110) whereas only 1 1 bits of this address bus is 
connected to the address pins A0-A1 0 of the video codec 
B (240). This address bus is also connected to pins A0- 
A20 of the address controller (120) and to pins A0-A20 
of the DMA controller (1 60). The 1 6-bit data bus D0-D1 5 

(101) of the microcontroller (100) is connected to pins 
D0-D15 of the DMA controller (160). of the Static RAM 
(1 1 0) and of the video codec B (240). The Phase Com- 
parator (280) already briefly described above is also con- 
nected to the data bus (101) by means of a parallel 8-bit 
bus D0-D7. 

Pins CS1 and CS6 of the address decoder (1 20) are 
respectively connected to a pin CSDMA of the DMA con- 
troller through lead (121) and to a chip select pin CS of 
the video codec B through lead (126). 

The DMA controller (160) also communicates with 
the Phase Comparator (280) and the video codec B 
(240). A request and an acknowledge signals are trans- 
mitted and received from pins REQ2 and ACK2 of the 
DMA controller to the pins DMA_REQ and DMA_ACK of 
the Phase Comparator through leads (281,282). The 
video codec B (240) has a request signal pin REQ_XMIT 
and an acknowledge signal pin ACK_XMIT which are 
respectively connected to pins REQ3 and ACK3 of the 
DMA controller (1 60) through leads (283,284). 

Besides, the static RAM (110) has also a read RD 
and write WR pins which are connected to the read and 
write leads (185,1 86). Its chip select pin CS is connected 
to pin CS3 of the address decoder (120). 

Hardware description of The Receive Part 

The PRACT chip (190) associated to the oscillator 
(210), the ACFA chip (180), the HSCX chip (170), the 
DMA Controller (160). the arbiter (130), the Static RAM 
(1 1 0), the microcontroller (1 00) and the address decoder 
(120) are also used in the receive part except that 
another video codec A (240) similar to the video codec 
B is used for receiving the data. In this part, we will only 
describe the components which are different from the 
ones described in the transmit part which are a receive 
transformer (200), an ATM receive chip referred as 
ATM_RCV (140), a receiver buffer referred as 
RCVJHFO (150), a Digital to Analog Converter DAC 
(220) and a Voltage Control Oscillator VCO (230). The 
connections of the common components are slightly dif- 
ferent from the description made in the transmit part 
because of the introduction of the new components. The 
difference will be mentioned below. 

The Receive network transformer (200) is con- 
nected to the network (10) of the type referenced by 
CCITT E1 G703 for example, by two differential wires 
(201,202). On the other side, the transformer is con- 
nected to inputs IN1 and IN2 of the network or line 
adapter (190) by two leads (191,192). The PRACT chip 
(190) outputs signals on its pins OUT1 and OUT2 to 
inputs pins IN1 and IN2 of the ACFA chip (180) through 
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leads (181.182). This later chip has an output pin OUT1 
connected to an input pin RX1 of the HSCX chip (170) 
through lead (1 73). The connection of the HSCX chip dif- 
fers from the transmit part in that it has two more pins 
which are DMA_REQ_RCV and DMA_ACK_RCV pins 5 
respectively connected to pins REQ1 and ACK1 pins of 
the DMA Controller (160) through leads (176,177). 

The data bus (101) enables to connect the micro- 
controller (1 00) to the ATM_RCV chip (1 40), to the video 
codec A (240), to the DMA Controller (160), to the Static 10 
RAM (110) and to the DAC (220) by pin D0-D15. The 
data bus also enables to connect the RCVFIFO (150), 
the HSCX chip (170) and the ACFA chip (180) by the 
least significant bits D0-D7. 

The address bus (1 02) also enables to connect the is 
microcontroller (100) to the SRAM (110) and to the 
address decoder (120) by pin A0-A20. Its least signifi- 
cant bits A0-A10 enables to connect the ATM_RCV chip 
(1 40) to the DMA controller (1 60) and to the video codec 
A (240), whereas the bits A0-A3 enables to connect the 20 
RCV_FIFO buffer (150) to the HSCX chip (170) and the 
ACFA chip (180). 

The RD and WR pins of the microcontroller (100) 
are also connected to the RD and WR pins of the ACFA 
chip (180), oftheHSCXchip (170), of the ATM_RCV chip 25 
(140), of the SRAM (110) and of the DMA Controller 
(160). 

In the Receive part, the address decoder (120) has 
the outputs CS0, CS1, CS2, CS3, CS4, CS6 and CS7 
connected respectively to the chip select pin CS of the 30 
ATM_RCV chip (140), to the CSDMA pin of the DMA 
Controller (1 60), to the CS of the ACFA chip (1 80), to the 
CS of the SRAM (1 1 0), to the first input of a 2-input OR 
gate (250) through lead (124), to the CS of the video 
codec A (240) through lead (126) and to the CS of the 35 
RCV_FIFO buffer (150) through lead (127). 

In addition to the connections mentioned in the 
transmit part, the microcontroller (100) further has an 
incoming interrupt pin INTO connected to an outgoing pin 
INT of the ACFA chip (180) through lead (187). The 40 
ATM_RCV chip (1 40) has an output pin WR1 connected 
to an input pin WR of the video codec A (240) and to the 
second input pin of the OR gate (250) through lead (141) 
carrying the Write peripheral signal WR_PERIPH. This 
OR gate (250) has an output connected to an input LD 45 
of the DAC (220) through lead (251). This DAC has an 
output connected to a CORRECT pin of the VCO (230) 
through lead (221). This VCO (230) has an input pin 
CLKIN connected to the output CLKOUT of the PRACT 
(190) through lead (195), which is the same as in the so 
transmit part, and an output pin OUT connected to the 
input pin CLK of the video codec A (240) through lead 
(242). 

Finally, from its output PD0-PD15, the RCV_FIFO 
buffer (150) communicates with a bus input D0-D15 of ss 
the ATM_RCV chip (140) through a 16-bits data bus 
(1 53), and owing to a Read RD lead (1 52) and a Control 
CNTL lead (161). 




Functional description 

In order to understand how the different components 
described in the hardware description function, it is also 
necessary to refer to figures 6, 7 and 8. 

Additionally, the basic operations of the state 
machine illustrated in details in the corresponding figures 
7 and 8 enable to make clearer the functions performed 
by the phase comparator implemented according to the 
present invention. 

The functional description of the preferred embodi- 
ment of the present invention can be divided in two parts, 
firstly the transmit operation and secondly the receive 
operation. It should be kept in mind that the hardware 
described in the present invention may be replaced by 
other components as long as the functions can be per- 
formed as described below. 

The Transmit Operation 

On power on reset, the microcontroller (100) which 
is the INTEL 87C1 96 in present invention runs the Basic 
Assurance Tests (BATs) in order to assure the accessi- 
bility of all the registers of the card containing the receive 
and the transmit circuits. Afterwards, it programs the pro- 
grammable chips that are the ACFA chip (180) and the 
HSCX chip (170) and more particularly the commands 
of the internal DMA of its internal FIFO not shown in the 
figure. 

The function of the HSCX chip is to encapsulate the 
data and to send to the ACFA chip and PRACT chip and 
to check at the reception the integrity of the data encap- 
sulated into SDLC frame (Synchronous Data Link Con- 
trol). It is to be noticed that this function may be disabled 
in order to improve the performance of the machine in 
term of rapidity of the transmission. Afterwards, the 
microcontroller programs the ATM_XMIT chip (290) and 
ATM_RCV chip (140) to select the transfer mode chosen 
and more particularly the VP (virtual path) and VC (vir- 
tual circuit). It also programs the addresses of DMAs 
integrated into these Chips and respectively the flow con- 
trol CNTL (leads 261 and 1 51 ) for the Xmit and Rev oper- 
ations between these chips and the Xmit_FIFO and 
Rcv_FIFO buffers (150 and 260). 

The DMA controller (160) is also programmed with 
the starting addresses thanks to the program integrated 
inside the PROM of the microcontroller (100). 

The reference clock of the network carried inside the 
HDB3 coding signals is transmitted through the trans- 
former (200) to the PRACT chip (190) on its inputs IN1 
(191) and IN2 (192) shown on figures 5-A and 5-B, and 
extracted by the P RACT chip and generated on its output 
(CLKOUT) to the input clock (CLK1) of the phase com- 
parator (280) on lead (195). 

The clock signal issued from the output CLK of the 
video peripheral B (240) for the transmit operation, is 
transmitted to the phase comparator (280) on its input 
CLK2 on lead (241). 
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The Phase Comparator (280) which enables to com- 
pare the reference clock (referred as dock 1) received 
on its input CLK1 with the clock (referred as clock 2) of 
the video codec B received on its input CLK2, is used 
only in the transmit operation and is described more in 
details in figure 6. The phase comparison is performed 
by a state machine as described in figure 7 which com- 
prises 5 states. The state 0 is the starting state which 
enables to reset two 7-bit-courrters (340) and (350). The 
state 1 occurs when the up transition of clock 1 is 
detected before the up transition of clock 2. The state 3 
occurs when the up transition of clock 2 is detected 
before the up transition of clock 1. Both cases are 
described as below. 

Referring to figure 6, in case the rising edge or the 
up transition of clock 1 is earlier than the one of clock 2, 
the frequency of clock 1 is divided by 80 in a first divider 
circuit (300), the number 80 is given as an example in 
order to obtain the frequency of 25.6Kbps equal to 2.048 
Mbps divided by 80, it can be higher or lower. Afterwards, 
the resulting clock signal is then received by the first 7- 
brt-counter (340), the eighth bit being dedicated to the 
sign. The first counter (340) stops on the rising edge of 
a clock signal issued by a divider (31 0), said clock signal 
being the clock signal CLK2 divided by 10. This first 
counter (340) is clocked by an oscillator (360) which gen- 
erates a clock signal whose frequency is for example 1 0 
times greater than clock 1 . The output of the first counter 
(340) is a 7-bit length word Q0-Q6 transmitted on a par- 
allel bus representing the value digitally coded of the 
phase difference between clocks 1 and 2 to a first buffer 
(370). This later always has its eighth bit clamped to 0 
which means that the phase difference is positive (in our 
case the rising edge of clock 1 earlier than the one of 
clock 2). The 8 bit-word Q0-Q7 issued from the first buffer 
(370) is validated on the tri-state bus (101) of the micro- 
processor (1 00) by a two-input N AND gate (390) thanks 
to the enable signal received on its input EN. The AND 
gate (390) is validated by the state 2 of the state machine 
and also by the DMA_ACK signal given by the DMA con- 
troller (160) which has received a DMA request signal 
referred as DMA_REQ on lead (281) from the phase 
comparator. The DMA_REQ signal is generated from a 
two-input OR gate (500) being activated by the states 2 
and 4 of the state machine. 

In the same way, in case the rising edge of clock 2 
is earlier than the one of clock 1 , a second 7-bit counter 
(350) is enabled. This later is reset by state 0 of the state 
machine and it starts when it receives the rising edge of 
a clock signal which is the clock signal CLK2 divided by 
10 in a divider (310). The second counter (350) stops on 
the rising edge of the clock signal issued by the divider 
(300). Similarly to the above case, the output Q0-Q6 of 
the counter (350) has a binary value proportional to the 
amplitude of the phase difference. Q0-Q6 are connected 
to the 7 inputs of a second buffer (380) which has its 
eighth bit D7 always clamped to the value 1. This value 
will give the sign corresponding to the case CLK2 earlier 
than CLK1. This byte is transmitted from the output of 



the second buffer (380) in Q0-Q7, but this byte will be 
active only during the state 4 of the state machine and 
the DMA acknowledge signal through a 2-inputs NAND 
gate (400). 

5 The DMA request is performed by a two-input OR 
gate (500) receiving on a first input the decoding of the 
state 2 of the state machine and on a second input the 
decoding of the state 4 to the REQ2 input of the DMA 
controller (160). The DMA controller makes a HOLD 

10 request to the input HOLD2 of the arbiter (130) which 
generates a HOLD signal to the microcontroller (100). 
When the microcontroller (100) is ready to release its 
address and data busses (1 02) and (1 01 ), it rises an hold 
acknowledge HLDA which is sent to the arbiter (130) on 

15 its input HLDA, then the arbiter (130) sends its output 
HLDA2 to the HLDA input of the DMA controller (160). 
This will leads to the generation from its output ACK2 to 
the DMA_ACK of the phase comparator (280) through 
lead (282). 

20 The DMA controller (160) reads only on the 8 LSB 
data bus (101) the information given by the phase com- 
parator and stores in the ATM Xmit chip (290) thanks to 
the write signal generated from pin WR1 of the DMA con- 
troller to the write pin WR of the ATM Xmit chip, thanks 

25 to chip select signal CS0 generated by the address 
decoder (120), and the address generated by the DMA 
controller on the address bus (102). 

This byte stored in the ATM_Xmit chip (290) is con- 
verted into an ATM cell with a header having the following 

30 parameters Virtual Path Identifier (VPI=00A), Virtual Cir- 
cuit Identifier (VCI=000B), Cell Lost Priority (CLP=0), 
and Head Error Check (HEC) of the cell computed by the 
ATM HEC generator. When the ATM_Xmit chip (290) is 
ready to send this ATM cell, it activates the signal FIFO 

35 write on lead (262) which is connected to the input signal 
WR on the XmrLFIFO (260) and transmits the data on 
the data bus (263) from its pin D0-D1 5 to the FIFO_Xmit, 
and in the same time the address decoder (120) gener- 
ates the chip select signal CSS to the Xmit_FIFO. The 

40 internal address of the Xm*rt_FIFO is given by the 4 LSB 
A0-A3 of the address bus (102). 

The data inside the Xmit_FIFO (260) are transmitted 
to the HSCX chip (1 70) on request as soon as its internal 
buffers are empty. This transfer is performed on the 

45 occurrence of the DMA_REQ_Xmit signal issued 
through lead (1 71) by the HSCX chip to the input REQ4 
of the DMA controller (160). This latter activates a HOLD 
signal through lead (161) to the microcontroller (100). 
When the microcontroller (100) is ready, it sends back 

so an HLDA to the arbiter (1 30) which generates the HLDA2 
connected to the HLDA input of the DMA controller (1 60) 
which in turn generates a hold acknowledge signal from 
its pin ACK4 to the DMA_ACKXmit input of the HSCX 
chip (170). Then the DMA controller (160) generates an 

55 address from its address pins A0-A20 decoded by the 
address decoder (120) which generates a chip select 
signal CS5. In the same time, it generates a read FIFO 
signal (RDF) connected to the Read signal of the FIFO 
Xmit chip (260) followed by a write signal WR1 con- 
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nected to the write signal WR of the HSCX chip (170). 
The ATM cell is encapsulated into a SDLC frame and 
sent in serial to the ACFA chip (1 80). The ACFA chip per- 
forms its frame alignment task and sends the frame to 
the PRACT chip which converts this binary frame into a 5 
HDB3 coded signals which is transmitted to the network 
in the G703 CCITT framing mode through the line trans- 
former (270) via the balanced line (271 and 272). 

The Receive Operation " 

The ATM cell is sent by the Xmit part of the Network 
Node B and received by the transformer (200) in an 
HDB3 coded signals in balanced mode, then converted 
by the PRACT chip (1 90) to transmit these signals to the 15 
ACFA chip (180). This latter sends a ground referenced 
signal through lead (173) to the RX1 input of the HSCX 
chip (170). 

When the internal FIFO buffer of the HSCX chip 
(1 70) is full, it generates a DMA_REQ_RCV signal con- 20 
nected to the input REQ1 of the DMA controller (160) 
which issues a HOLD signal to the HOLD2 pin of the arbi- 
ter (130). This latter generates a HOLD signal to the 
microcontroller (100). When the microcontroller is ready, 
it generates an HLDA signal to the arbiter (130) which 25 
generates in turn a HLDA2 signal to the DMA controller 
(160). This latter generates finally an acknowledge sig- 
nal from its pin ACK1 to the input DM A_ACK_RCV of the 
HSCX chip. The DMA controller (160) generates then on 
the address bus (1 02) an address from its address pins 30 
AO- A1 0 to the address decoder ( 1 20) which decodes and 
generates a chip select signal CS1 . The DMA controller 
(160) also generates a read signal from its pin RD1 to 
the read input RD of the HSCX chip which reads the data 
in its internal FIFO buffer in order to transfer these data 35 
to the Rcv_FIFO buffer (150). The write operation in the 
Rcv_FIFO buffer (1 50) is performed by the generation of 
a chip select signal CS7 on lead (1 27) and a write signal 
WRF on lead ( 1 63) to the write input pin WR of Rcv_FIFO 
buffer (150). A level detection mechanism is imple- 40 
mented inside the Rcv_FIFO buffer (1 50): the control sig- 
nal CNTL on lead (161) is activated when the level 
reaches its maximum (this maximum being programma- 
ble by the microcontroller 100). In this way, the 
ATM_RCV Chip (140) is aware that the data are ready 45 
to be transferred. When the control signal CNTL is acti- 
vated, it uses its own internal DMA to transfer these data. 
This transfer is performed by the generation of its HOLD 
output signal to the HOLD1 input of the arbiter (130) 
which in turn generates a HOLD to the microcontroller so 
(100). When this latter is ready to be stopped, it gener- 
ates a hold acknowledge signal HLDA to the arbiter (1 30) 
which generates a HLDA1 signal to the ATM_RCV chip 
(140) through lead (131). Then this latter is able to read 
the data in the Rcv_FIFO buffer (150) by generating a 55 
FIFO buffer read signal to the Rcv_FIFO buffer and 
stores these data into its internal RAM. These data are 
in an ATM cell format which is decoded and the byte D0- 
D7 related to the phase difference is sent on the LSB A0- 
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A1 0 of the data bus (1 01 ). This transfer is also performed 
by the generation of the write signal WR1 called 
WRPERIPH on lead (141) and an address signal gener- 
ated on pins A0-A10 by the ATM_RCV chip (140) which 
is decoded by the address decoder (120) generating the 
chip select signal CS4. This byte is loaded into the Digital 
Analog Converter DAC (220) by the 2 input OR gate 
(250) having on its first input the CS4 signal and on its 
second input the WRPERIPH signal. This OR gate gen- 
erates on its output the load signal LD on lead (251 ). The 
byte is then converted into an analog signal and trans- 
mitted from its output pin OUT (221) to the VCO (230). 

The video codec A (240) is clocked by the output pin 
OUT of the Voltage Control Oscillator (VCO) (230) which 
receives the reference clock from the PRACT chip (140) 
that it extracts from the G703 CCITT Network. 

The value of the analog output signal of the DAC 
(220) applied to the CORRECT input of the VCO (230) 
leads to a modification of the phase of the reference clock 
on the output pin OUT of the VCO (230) in order to 
enslave the clock of the received video codec A to the 
clock of the xmit video codec B of the opposite Network 
node. 

In a similar way, the data issued from the video 
codec B (240) relating to the video and audio signals are 
transferred to the video codec A (240) through the net- 
work by using another ATM cell having a dedicated Vir- 
tual Path Identifier and Virtual Circuit Identifier. 

Claims 

1. An apparatus to be used in a communication net- 
work (10) including a plurality of networks nodes for 
synchronizing a first clock signal of a first data ter- 
minal equipment DTE (240-1) connected to said 
communication network (10) through a first network 
node (51) to second clock signal of a second data 
terminal equipment DTE (240-2) also connected to 
said communication network through a second net- 
work node (52), said communication network (10) 
having a reference clock and carrying analog signals 
of data frames; 

said apparatus characterized in that it comprises: 

- means (190) for extracting the reference clock 
from the analog signals carried by the commu- 
nication network in said second network node 
(52); 

means (280) for comparing the phase between 
said reference clock and said second clock 
transmitted from said second data terminal 
equipment (240-2) in order to detect a phase dif- 
ference and to transmit said phase difference 
digitally on a parallel data bus (D0-D7); 

- switching means (260,290) for switching said 
phase difference received on said parallel data 
bus (101) with data frames received from said 
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second data terminal equipment before they are 
transmitted to the communication network (10); 

- means (190) for receiving in said first network 
node (51) the frames carried by the communi- 5 
cation network and extracting the reference 
clock in said first network node (51); 

means (140,150) for decoding said phase dif- 
ference from the transmitted frames; and 10 

means (230) for adjusting the reference clock 
phase according to the phase difference in 
order to transmit the corrected clock signal to 
the first data terminal equipment (240-1). 15 

2. The apparatus for synchronizing of claim 1 wherein 
said switching means (260,290) comprises: 

means (290) for converting said phase differ- 20 
ence into a phase difference frame with an iden- 
tifer header; and 

means (260) for storing said phase difference 
frame and data frames sent by the said second 25 
data terminal equipment (240-2). 

3. The apparatus for synchronizing of claim 1 or 2 
wherein said detecting and decoding means 
(140,150) comprises: 30 

- means (1 50) for storing the data frames and the 
phase difference frame transmitted from the 
communication network (10); and 

35 

- means (140) for decoding the frames and 
detecting the frame containing the phase differ- 
ence to transmit it to a digital to analog converter 
(220) which generates the corresponding ana- 
log signals to said adjusting means (230). 40 

4. The apparatus for synchronizing of any one of claims 
1 to 3 wherein said comparing means (280) com- 
prises: 

45 

- a first divider (300) receiving said reference 
clock (lead 1 95) for obtaining a first divided clock 
signal whose frequency is slow enough; 

a second divider (310) receiving the second so 
clock signal of said second data terminal equip- 
ment (240-2) for obtaining a second divided 
clock signal to equalize the frequency of said 
first divided clock signal; 

55 

- counting means (340,350) for detecting the 
phase difference between said first and second 
divided clock signals; and 



- storing means (370,380) for storing said phase 
difference before it is transmitted on said paral- 
lel data bus (D0-D7) with the corresponding sign 
according to whether said first divided clock sig- 
nal is earlier or later than said second divided 
clock signal. 

5. A method to be used in communication network ( 1 0) 
including a plurality of networks nodes for synchro- 
nizing a first clock signal of a first data terminal 
equipment DTE (240-1) connected to said commu- 
nication network (10) through a first network node 
(51) to a second clock signal of a second data ter- 
minal equipment DTE (240-2) also connected to 
said communication network through a second net- 
work node (52), said communication network (10) 
having a reference clockand carrying analog signals 
of data frames; 

said method comprising the steps of: 

- extracting the reference clock from the analog 
signals carried by the communication network 
in said second network node (52); 

- comparing and detecting (280) a phase differ- 
ence between said reference clock and said 
second clock transmitted from said second data 
terminal equipment (240-2); 

transmitting said phase difference digitally to a 
packet switching means (260.290) on a parallel 
data bus (101); 

switching said phase difference with data 
received from said second data terminal equip- 
ment to transmit the analog data frames to the 
network communication (10); 

- receiving (190) the data frames carried by the 
communication network and extracting the ref- 
erence clock in said first network node (51); 

- detecting and decoding in a frame decoder 
(140,150) said phase difference among the 
transmitted data frames; 

transmitting said phase difference to an adjust- 
ing means (230) which also receives said refer- 
ence clock (lead 195); and 

- adjusting (230) the reference clock phase 
according to the phase difference in order to 
transmit the corrected clock signal (lead 242) 
which stands for said first clock signal to the first 
data terminal equipment (240-1). 

6. The method according to claim 5 further comprising 
the steps of, prior to said switching step: 
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18 



• converting said phase difference into a frame 
with an identifier header; and 

- storing said phase difference frame and data 
frames sent by the second data terminal equip- s 
ment (240-2) before they are sent to the com- 
munication network (10). 

7. The method according to claim 5 or 6 further com- 
prising the steps of, after : io 

- storing the data frames and the phase differ- 
ence frame transmitted from the communication 
network (10); and 

15 

- decoding the frames and detecting the frame 
containing the phase difference to transmit it to 
a digital to analog converter (220); and 

- generating analog signals corresponding to 20 
said phase difference in order to adjust the ref- 
erence clock. 
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